The coherence resonance (CR) and stochastic resonance (SR) in a periodic potential driven by correlated additive and multiplicative noises are studied in this paper. The effects of the system parameters on the probability density function (PDF) of the response are discussed by using the Monte-Carlo simulation. The shapes of the average joint PDF are changed from two independent peaks to a crater shape as the amplitude of the periodic force increases. The output spectrum and qualify factor are introduced to measure the CR. The qualify factor shows a pronounced peak and the intrawell CR appears. The amplitude and the phase lag of the average response first increase with increasing multiplicative noise intensity, attain a maximum, and then decrease. That is, the SR happens.
Introduction
Noise-induced resonances in nonlinear dynamical systems have been extensively investigated both theoretically and experimentally 1−12 . Coherence resonance (CR) and stochastic resonance (SR) are two celebrated noise-induced resonances to demonstrate the constructive influence of noise. SR refers to enhanced amplitude of the weak periodic signal in a nonlinear system by adding an optimal amount of noise 1−7 . And CR describes the increased regularity of the output in an excitable system driven by an appropriate amount of noise 8−12 . However, the majority of works on CR and SR considered bi-stable and mono-stable systems, only a few publications dealt with noise-induced resonances in multi-stable systems. The dynamics of a Brownian particle in a periodic potential is an important problem with many applications in physics, chemistry and engineering 13−24 , such as pendulum-driven energy harvester 13 of a dissipative optical lattice. Zhang 20 studied the CR in an under-damped single pendulum driven by a constant force plus white noise. The corresponding mechanism was explained based on the discussion of the attracting ability of the global attractor. Saikia et al 22−23 explored the possibility of the occurrence of SR in a periodic potential with a Gaussian white noise by using input energy and hysteresis loop area as quantifiers. Liu et al 24 studied the SR in an under-damped periodic potential with colored noise and explored the effects of colored noise on SR.
In certain situations, noises are actually of the same random source and may be correlated with each other in some forms. Thus, the correlation between additive and multiplicative noises has been introduced in the study of stochastic dynamical systems 25−31 . Madureira et al 25 studied the effects of correlated additive and multiplicative noises on the activation rate of a bistable system. They found the correlation between noises induced a suppression of the escape rate in a bistable system. Jia et al 26−27 explored that the correlated noises induced non-equilibrium phase transition and reentrance phenomena. Jin et al 28−29 investigated the SR in a bi-stable system driven by correlated white noises. They found the suppression and resonance in the curve of spectrum amplification of a delayed system. Guo et al 31 discussed the stationary probability distribution (SPD) of tumor-immune system interplay with time delays and crosscorrelated sine-Wiener noises. They found that the structure of the SPD transfers from bimodal to unimodal as the reaction time increases. Therefore, it is very interesting to study the noise-induced resonances in a periodic potential system with correlated noises.
The purpose of this paper is to investigate CR and SR in a periodic potential driven by correlated additive and multiplicative noises. The effects of the correlation between the additive and multiplicative noises on the noiseinduced resonances are explored. In Section 2, the analysis of the probability density function (PDF) is performed by using Monte-Carlo simulation and the effects of system parameters on PDF are discussed. In Section 3, the power spectrum and quality factor are calculated as a measure of CR in the absent of periodic force. When the periodic force is added to the system, the amplitude and the phase lag of the average response are derived to measure SR. Finally, some conclusions are drawn in Section 4.
The stochastic response of a periodic potential system

The model
The model of concern is an under-damped particle moving in a one-dimensional periodic potential system, which is driven by correlated noises and a periodic force
where γ is the damping coefficient, the potential function U(x) = − sin x − bx, b is a constant and U(x) is a titled corrugated plane with the increase of the bias b. F 0 and ω 0 are the amplitude and the frequency of the periodic force, ξ(t) and η(t) are the cross-correlated Gaussian white noises. The statistical properties are characterized by their mean and variance as follows:
where λ(|λ| ≤ 1) is the correlation between additive and multiplicative noises, Q and D are the multiplicative and additive noise intensities, respectively. System (1) serves as a simple, but widely used model in physics, chemical physics and communication theory, such as the phase locking in electric circuits 32 , motion of fluxons in superconductors 33 and the penetration of biological channels by ions 34 . Let y(t) = dx(t)/dt, Eq. (1) 
